In 2001-2005, resistance to powdery mildew was studied in 227 Czech and Slovak breeding lines of spring barley included in the breeding station trials or official trials. Seventeen known resistances were identified (Al, Ar, At, HH, Kr, La, Ly, Mlo, N81, Ri, Ru, Sp, St, Tu, We, Mla21, and Mlp1). Unknown resistances were found in 11 breeding lines, in five of which resistance was effective against all used pathotypes of the pathogen. Besides the identified resistances, unknown resistances were detected in another three breeding lines. Sixty-five breeding lines (= 29%) exhibited heterogeneity in the examined trait, i.e. they are composed of components with different resistances to powdery mildew. Comparison of current results with the previous ones shows a considerable increase in the proportion of breeding lines carrying the resistance Mlo (72%), on the account of the resistances located at the Mla locus, particularly Ru. The examined set is characterised by a high proportion of breeding lines resistant to all used Czech pathotypes of the given pathogen (78%), however of low diversity in the resistance.
Growing cultivars resistant to diseases is the cheapest, effective and health-safe way to protect any widely grown crop. For a long time, great efforts have been focused on breeding barley (Hordeum vulgare L.), particularly spring one, for resistance to the most common disease, powdery mildew (D�������� 2003) , which is caused by the fungus Blumeria graminis (DC.) Golovin ex Speer f.sp. hordei Em. Marchal (= Bgh).
Both barley breeders and specialists need to know not only the actual resistance of cultivars and breeding lines in the field (D�������� & P������ 2003) but also the genetic background of this resistance that enables to predict the level of and/or changes in such an important trait.
Therefore, the objective of this study was to identify specific resistances to powdery mildew possessed by Czech and Slovak breeding lines of spring barley and based on these results, to judge the effectiveness of the identified resistances, diversity and homogeneity of the set considering the examined trait and to compare the current status of resistance with the earlier findings.
MATERIAL AND METHODS
Barley germplasm. Two hundred and one Czech and twenty-six Slovak (SK) spring barley breeding lines included in the interstation or official trials in 2001-2005 were studied. All the breeding lines were grown from the seed provided by respective breeders.
Pathogen isolates. Sixteen pathotypes of Bgh held in the gene bank at the Agricultural Research Institute Kroměříž were used for inoculation of the tested breeding lines in 2001 and 30-32 pathotypes in the following four years. Between the tests in individual years, several pathotypes were always replaced by new ones with greater resolving power. Before inoculation, each pathotype was purified, verified for the correct virulence phenotype on the differential hosts and increased on cultivars Pallas or Monaco.
Inoculation procedure. About 6-8 seeds per breeding line were sown in pots (60 mm upper diameter) in the glasshouse at a continuous temperature of 17 ± 2°C under natural daylight. Pots were placed in mildew-proof glass boxes before seedling leaves emerged. Ten-day-old plants whose first leaves were fully expanded were separately inoculated with a Bgh pathotype by brushing and shaking conidia from infected plants over them.
Evaluation of reaction types. Reaction types on the upper part of adaxial sides of the first leaves were scored nine days after inoculation. The nine point 0-4 scale (including intermediate types) was used for scoring reaction types (T��� et al. 1978) . This scoring scale was supplemented with reaction type 0(4) (i.e. reaction type 0 with a few reaction type 4 colonies) (J����� et al. 1992) , which is characteristic of varieties carrying the Mlo resistance.
Verification of resistance spectra. Each breeding line was tested in two replications. If there were significant differences between replications in reaction types, additional tests were carried out.
Identification of resistance genes. Resistance genes in each breeding line were postulated on the basis of the gene-for-gene hypothesis by comparing their resistance spectra, based on their reaction types, with previously determined spectra on barley differentials with known resistance genes (D�������� 2005) .
RESULTS
All of the 227 examined breeding lines and detected resistances to powdery mildew are listed in Table 1 . A total of 17 known (Al, Ar, At, HH, Kr, La, Ly, Mlo, N81, Ri, Ru, Sp, St, Tu, We, Mla21, and Mlp1) and another unknown resistances were found. The plants of 65 breeding lines exhibited different RTs, it means they are composed of components (usually of two) with different resistances to powdery mildew. Among these heterogeneous breeding lines, resistance of both components was identified in five of them, resistance of one component in 32 breeding lines and in six breeding lines it was at least found that one of the components carried fully effective, however unidentified resistance. No resistance of any concerned components was identified in 22 heterogeneous breeding lines.
Seventeen resistances to powdery mildew were identified in 152 out of 162 homogeneous breeding lines. The frequencies of 11 known resistances are given in Table 2 . The Mlo resistance dominated in the examined set when it was found in 117 homogeneous and in one of two components of another 29 heterogeneous breeding lines. The second most frequent resistance was La detected in 10 homogeneous lines and one heterogeneous breeding line. Other nine resistances (Al, Ar, HH, N81, Ri, Ru, St, Tu, and We) were found in two to eight breeding lines (including heterogeneous ones). Of them, the resistances Ri and Tu were always detected together. An unknown resistance [U(E)] was found in 10 breeding lines, in four of which it was effective against all of the Bgh pathotypes employed. Besides the identified resistances, unknown (unidentified) resistances (U+) were found in another three breeding lines. However, these resistances are not presented in Table 2 .
In six homogeneous lines and one heterogeneous breeding line, other six resistances were found ("Others" in Table 2 ), of which the resistance Kr was detected in the breeding line CE-1032, resistance Sp (detected with La also in one of two components of HE-9577) in HE-7513, resistance Ly (together with La and We) in HE-8891, resistance At in HE-9278, the resistance controlled by the gene Mla21 in KM-2391, and the resistance controlled by the gene Mlp1 in SG-S 256.
All breeding lines, in which the resistance Mlo was found, possessed another or more resistances. In some of the breeding lines this additional resistance was identified and is given in Table 1 . However, neither these additional resistances nor unidentified (and thus unknown) resistances of heterogeneous breeding lines are included in Table 2 .
DISCUSSION
In 2001-2005, a total of 227 breeding lines of spring barley were gradually tested, among which 17 known and another unknown resistances to powdery mildew were identified. The breeding lines possessing the resistances Mlo and Tu, resistances controlled by the genes Mlp1 and Mla21, and unknown, fully effective resistances [U(E)], i.e. 126 out of 162 homogeneous breeding lines (= 78%), were resistant to all home pathotypes of the pathogen. In 65 heterogeneous breeding et al. (1996) ; H = heterogeneous, breeding line is composed of two or more components with different resistances to powdery mildew; 2 breeding line was examined only a�er including in official trials and resistant reaction types and no other resistance was found in them after inoculation with the used pathotypes. Group "U+" includes the breeding lines in which known resistances and besides them another resistances were detected. The latter resistances can be again currently unknown resistances or known resistances that could not be identified besides the identified resistances because of a lower number of pathotypes (due to the presence of identified resistances) characterising the corresponding resistance. Group "U(E)" consists of the resistances to which none of the used pathotypes was virulent. All, or at least some of these resistances may have a common genetic background, or on the contrary, each of them can be controlled by other resistance gene. Another group of unknown resistances, which is not given in Tables 1 and 2 , includes resistances of components of heterogeneous breeding lines, in which resistances were not identified. In most cases, these are not apparently unknown resistances, but the resistances that could not be identified due to the heterogeneity of the given sample. If the seed of individual components (D�������� & R����� 2004) were available, there would be no doubt to identify corresponding resistances in most of them. Based on rough evaluation of diversity of powdery mildew resistance in breeding lines, this parameter within the examined set could be considered sufficient with regard to the number of detected resistances (16 known and other unknown). However, the proportion of fully effective resistances is low (four out of the 17 identified known resistances) and particularly the proportion of these four resistances is extremely irregular; they are present in 122 homogeneous breeding lines, of which only the resistance Mlo is present in 117 out of them. Thus it can be concluded that the propor- et al. (1996) , if the symbol "+" is in a column, frequency of the corresponding resistance found in homogeneous breeding lines is given first followed by the frequency of the given resistance in heterogeneous lines; 2 BR -Monsanto (2000) found nine heterogeneous cultivars (= 13%) in the set of 68 Czech and Slovak registered cultivars of spring barley, however in the set of 33 Latvian cultivars D�������� and R����� (2004) found 18 heterogeneous ones (= 55%), of which five were composed of even more than two components with different powdery mildew resistance.
If we compare the three sets of breeding lines included in similar trials until now (D�������� 1996, 2001 , current results) (Appendix 1), we can see that the critical change is the rapidly decreasing proportion of the earlier significant resistances Al, Ar, Ly, MC, Sp, Ri and Ru located at the Mla locus (from 80 to the present 10%), particularly of the resistance Ru (from 39 to 3%), and on the contrary, the largely increased proportion of breeding lines with the resistance Mlo from 14% to the present 72%. This led towards a strong decrease in the diversity of powdery mildew resistance in spring barley breeding lines, but at the same time towards an increase in general effectiveness of resistance of these breeding lines because the resistance Mlo is effective against all known Bgh pathotypes and its long-term effectiveness can be assumed.
Therefore, general attention paid to the diversity of powdery mildew resistance in barley should be stressed particularly in cultivars of winter barley.
Mlo should not be used in winter barley cultivars since the all-year-round adaptation of the pathogen to such a rare resistance could considerably decrease it. In contrast, current endeavour of some barley breeders to combine Mlo with other fully effective resistances is appreciated because it is focused on protection of the gene mlo effectiveness.
